Introduction
Paget's disease of bone (Paget's disease) or osteitis deformans was first described by Sir James Paget in 1877 [23] . It is characterized by an imbalance of normal bone remodeling processes with functional and morphologic abnormalities of the osteoclasts and osteoblasts. The bone is highly vascular with production of mature bony trabeculae and cortices that are mechanically weaker and more susceptible to various stresses than normal bone. The prevalence of Paget's disease in the general population is estimated at 1% to 2% [30] . The etiology remains unknown Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the reporting of these cases, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
although environmental (viral) and genetic factors in the pathogenesis of the disease are probable [1, 6] . The diagnosis of Paget's disease is based on imaging examination of the skeleton, bone biopsy, and biochemical markers of bone formation and resorption [16] .
Complications of Paget's disease include skeletal deformities, fractures, left ventricular failure, and cranial nerve impairment [29, 32] . Bone sarcoma is a rare complication of Paget's disease [2, 33, 35] reportedly occurring in 0.1% to 0.95% of patients [20, 27, 37] . It is more common in older patients. A male predominance of 1.5:1 to 2:1 has been reported [7, 10, 11, 17, 21, 31, 34] . Most of these tumors are osteosarcomas with an extremely poor prognosis that has not improved over the years [7, 18, 21] . Mangham et al. reported a median survival of 8 months from diagnosis, whereas Deyrup et al. described a 5-year survival rate of 10% [7, 18] . One reason for the low survival could be the older age of these patients and a consequent difficulty treating them with aggressive chemotherapy. Another possibility is that Paget sarcomas are usually high grade [7, 21] . Paget's osteosarcoma has a different distribution of lesions compared with primary osteosarcomas of pediatric age. Sarcoma arising in Paget's disease shows a predilection for multiple bone sites such as the femur, humerus, pelvis, and skull, whereas the distal femur alone represents the more common site of disease in adolescent osteosarcoma [12] .
At onset, patients can have pain, palpable mass, neurologic symptoms, or they can be asymptomatic until a pathologic fracture occurs with consequent bone deformity. Aggressive osteolytic changes, bone destruction, and soft tissue mass are radiographic findings that signify malignant change ( Fig. 1 ). Paget's disease of bone can appear as a monostotic form or a polyostotic form. A review of the literature by Deyrup et al. [7] reported 377 cases of Paget's sarcoma; 295 cases (78%) arose in polyostotic disease, whereas only 82 (22%) arose in monostotic disease [4, 8, 13-15, 19, 22, 26, 28] .
The purposes of this study are (1) to report the survival in patients treated for osteosarcoma in Paget's disease; (2) to identify correlations between type of treatment and survival comparing our data with those in the literature;
(3) to determine if the extent of Paget's disease and risk of malignant transformation are associated; (4) to assess if prognosis is related with site; and (5) to identify the variations of histologic subtypes of these osteosarcomas.
Patients and Methods
We retrospectively reviewed all 26 patients diagnosed with osteosarcoma arising in Paget's disease between January 1961 and December 2006. Data and clinical followup information were obtained from medical charts; four patients were alive and were recalled specifically for this report. There were 21 males and five females with a mean age at diagnosis of sarcoma of 64 years (range, 38-80 years).
Osteosarcoma always arose in bones at the site of involvement with Paget's disease and even on polyostotic forms had a unique localization. In 15 (58%) of the 26 patients, the diagnosis of Paget's disease was made at a mean time of 107 months before the diagnosis of the osteosarcoma; in 11 patients, it was established at the time the sarcoma was diagnosed. The most frequent sites affected by tumor were the femur (eight patients) ( Fig. 1 ), the humerus (seven patients), the tibia (four patients), the pelvis (two patients), the acromion, the fibula, the calcaneus ( Fig. 2) , the calvaria, and the spine (one patient each). To evaluate if the extent of Paget's disease correlates with Volume 468, Number 11, November 2010 Osteosarcoma in Paget's Disease of Bone 2963 the risk of malignant transformation we divided our patients with a previous diagnosis of monostotic or polyostotic Paget's disease. The data of all patients were evaluated at the latest examination for the purpose of this study.
The diagnosis of Paget's disease was confirmed in all cases by radiographic reports and by a review of histopathologic samples. All tumors were high-grade osteosarcoma with histologic findings of proliferative atypical tumoral mesenchymal cells producing osteoid and abundant reactive giant cells. The osteosarcoma variants were osteoblastic (18 cases), fibroblastic (five cases), telangiectatic (two cases), and chondroblastic (one case).
In 22 of the 26 patients, surgery was performed. Six patients had surgery only, three amputations and three resections. In three cases, surgery (amputation), adjuvant chemotherapy, and radiotherapy were performed. One patient had surgery (amputation) and radiotherapy. Twelve patients had surgery and chemotherapy; adjuvant chemotherapy in 10 cases (eight amputations, two resections) and neoadjuvant chemotherapy in two cases (both amputations) were performed. Two patients had only radiotherapy and two had only chemotherapy. Resection and reconstruction were performed in only six cases; two patients with tumors at the proximal humerus were treated with allograft and a MRS Bioimpianti1 prosthesis (Gruppo Bioimpianti S.r.l., Peschiera Borromeo, Milano, Italy). Three patients had tumors at the distal femur: two were treated with HMRS1 prostheses (Stryker, Howmedica, Osteonics, Allendale, NJ) and one with GMRS1 prosthesis (Stryker, Howmedica, Osteonics, Allendale, NJ). In one patient with a proximal tibia osteosarcoma, reconstruction using HMRS1 (Stryker) prosthesis was performed.
Patients were periodically checked with CT and MRI of the involved site and CT scan of the chest. These checks were performed in our outpatient clinic every 3 months for the first 3 years, every 4 months in the fourth year, every 6 months in the fifth year, and then annually for a further 5 years. After 10 years from treatment, patients were considered free of disease and only rechecked for their reconstructions.
Survival analysis was performed using the Kaplan-Meier survival analysis [15] . The starting point was the date of surgery and the end point was patients' death. We compared survival curves between subcohorts using the Log-rank statistical analysis. Data were recorded in a Microsoft1 Excel1 2003 spreadsheet and analyzed using MedCalc1 Software Version 11.1 (MedCalc Software, Mariakerke, Belgium).
Results
The overall 5-year survival rate was less than 25% with a higher mortality rate in the first 2 years after treatment ( Fig. 3 ). Twenty-two of the 26 patients died with disease (DWD) at a mean time of 20.2 months (range, 1-84 months); one of them was initially treated with resection of the tumor and later (after 13 months) with amputation for local recurrence. The 17 patients with metastatic disease all died at a mean of 20 months from diagnosis (range, 1-84 months). Metastases were present at diagnosis in 13 patients, whereas four patients developed metastases later (one patient had both bilateral pulmonary metastases and local recurrence at 12 months). Five patients had no metastases but they died with disease at a mean of 16 months from diagnosis (range, 3-28 months).
We observed a high mortality rate in patients treated without surgery and a trend (p = 0.1057) in patients treated with surgery only or with surgery plus chemotherapy ( Fig. 4) . Patients with lung metastases at the time of diagnosis had worse survival (p = 0.013) than those who were lung tumor-free (Fig. 5 ). Four patients had no evidence of disease (NED) at a minimum of 43 months (mean, 139 months; range, 43-257 months); one of them had resection only, one had amputation plus neoadjuvant chemotherapy, and two had amputation and adjuvant chemotherapy. These patients are NED at 111, 257, 144, and 43 months, respectively. None of the patients who are alive had evidence of lung or brain metastases (Table 1) . Surgical margins were radical in eight patients, wide in 13, and marginal in one patient.
Seven patients of our series had previous polyostotic Paget's disease while 19 patients had previous monostotic disease. The four patients with axial disease (two pelvis, one vertebra, one calvaria) all died, whereas four of the patients with appendicular disease (two tibia, one humerus, one calcaneus) are NED.
Histologically, the osteoblastic variant was the most common type (18 patients [69%]) followed by the fibroblastic (two patients), the telangiectatic (two patients), and the chondroblastic variants (one patient).
Discussion
The occurrence of bone sarcoma is the most severe complication in Paget's disease. Osteoblastic osteosarcoma is the most common Pagetic bone sarcoma [13, 25, 30, 34] . In the literature there is controversy regarding the optimal treatment for patients with osteosarcoma in Paget's disease; the older age of the patients affected by the disease may limit the use of chemotherapy, and axial involvement may be a factor limiting the feasibility of surgery [7, 17, 18, 21, 31, 37] . We performed this study to evaluate the role of surgery and adjuvant treatments to the survival of patients with osteosarcoma in monostotic and polyostotic Paget's disease.
We acknowledge several limitations of our study. First was the small number of patients. However, the disease is relatively rare, even in a center such as ours. Second, most of our patients had monostotic disease and therefore we cannot draw conclusions about the prognosis of polyostotic Paget's disease. Monostotic disease is more prevalent in patients with Paget's disease [5, 10] , thus the proportion of patients with sarcomatous transformation necessarily may be increased in monostotic forms. Third, the different treatments of our patients are included in a period of more than 40 years. Fourth, the numbers of patients in the subcohorts is too small to generate reliable statistical differences. Fifth, we could not evaluate the effectiveness of bisphosphonates therapy in preventing sarcomatous transformation in Paget's disease. The poor prognosis of patients with Pagetic osteosarcoma has been previously confirmed [7, 17, 18, 21] . Survival of 5 days to 2.5 years in 22 patients with Paget's sarcoma has been reported [21] . Others reported a survival rate of 14% at approximately 2.5 years and showed neoadjuvant chemotherapy and radiotherapy did not improve survival in these patients [18] . In a study, a median survival of 8 months from diagnosis was reported, with only four patients living longer than 2 years; survival was unrelated to age, metastases at diagnosis, or chemotherapy [17] . In our series, four patients were NED at a mean of 11.5 years and 22 patients were DWD at a mean of 20.2 months. Of the four patients NED, one patient was treated with surgery only (proximal tibia resection), one with neoadjuvant chemotherapy and amputation, and two with surgery (amputation) and adjuvant chemotherapy ( Table 2 ). Why does this disorder have such a poor prognosis? First, Paget's sarcoma probably is more malignant than other primary tumors of the connective tissue [18] and Paget's sarcomas are more often high-grade tumors [18, 37] . Second, the older age of the patients with Paget's disease may limit the use of chemotherapy. Moreover, the skeletal distribution of sarcomas seems to reflect the distribution of uncomplicated Paget's disease. Obviously, axial involvement may be a further factor limiting the feasibility of surgery [37] .
Survival of patients with Pagetic osteosarcoma has been independent of palliative chemotherapy or other therapeutic modalities [7, 17] and limb-salvage surgery versus amputation [31] . The same studies showed no difference in the proportion of patients with monostotic or polyostotic Paget's disease and Paget's sarcoma [7, 17] . Surgery is always preferred, if feasible, and amputation is indicated in pathologic fractures or massively destroyed bones if wide margins cannot be obtained with resection. In the present [4, 8, 13-15, 19, 22, 26, 28, 35] . The location of Pagetic osteosarcoma differs compared with primary osteosarcoma. In primary osteosarcoma, the distal femur and proximal tibia represent the predominant sites by far, whereas in our series, the femur and humerus are the most frequently involved sites (eight and seven cases, respectively). The literature shows a predilection of sarcomas for the femur, pelvis, and humerus in patients with Paget's disease [7, 9, 17, 18] . The anatomic sites involved by Paget's sarcoma closely correspond with those of skeletal involvement by Paget's disease [3] . Like in our series, the humerus shows frequent involvement by Paget's sarcoma [7, 17, 18, 25] . The large number of lesions occurring in this site makes the humerus a high-risk location when it is involved by uncomplicated Paget's disease [25] .
We found similar survival in patients with appendicular disease and axial disease (two pelves, one vertebra, one calvaria) but our four patients NED had a primary lesion involving extremities (tibia [two patients], humerus, calcaneus). This fact is probably related to the easier feasibility of surgical resection in the appendicular skeleton. A study reported lower survival in patients with axial compared to appendicular disease even if the difference was not significant [7] .
Atypical, highly pleomorphic spindle cells forming osteoid and primitive bone and osteoclast-like giant cells are characteristic histopathologic features of Pagetic osteosarcoma [13, 25, 30, 34] . In their study Ueda et al. found a higher prevalence of MYC gene amplification in Pagetic osteosarcomas than in primary osteosarcomas [36] . MYC gene amplification is associated with poorer prognosis in musculoskeletal sarcomas [24] . Despite recent advances in imaging, chemotherapy, radiotherapy, and surgical techniques, Paget's osteosarcoma continues to have a very poor prognosis, probably as a result of the older age of patients who do not want standard adjuvant chemotherapy. 
